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Introduction
It has been generally accepted that blood serum and plasma are free of cellular components. Although the precise quality and quantity of DNA needed for reliable identification analysis is unknown [1, 2] , the cell debris and molecules released by cells during apoptosis are known to provide sufficient amounts of DNA for genetic analysis [1, [3] [4] [5] [6] .
In real-time situations, serum/plasma samples can play a crucial role in personal identification. For instance, if patient samples prepared for testing are mixed up in-hospital for any reason, the consequences can be critical. In such cases, the serum/plasma DNA can be extracted from the patient's sample and can be used to conduct a search for the identification of its rightful owner.
Materials and Methods
Experiments were divided into time-temperature groups for serum and plasma with anticoagulant agents. Blood was collected twice from 15 healthy individuals (10 men and 5 women), and once from another 14 healthy individuals (9 men and 5 women, excluding one subject who withdrew from the first experiment). The collection of samples for this study was conducted in accordance with the guidelines and approval of the Institutional Review Board of Seoul National University Hospital, Korea.
In order to set a parameter that affects the quantity and quality of DNA in a situation similar to that of a hospital, sample storage at room temperature and at 4°C was considered. Similarly, timeframe experiments were carried out assuming that the samples would be used within 48 hours, in accordance with the screening tests in a hospital, and that the results would be reported within 10 days. In the first experiment, samples stored for 0 hour, 1 hour, 2 hours, 4 hours, 8 hours, 12 hours, 1 day, and 2 days were analyzed; in the second experiment, those stored for 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10 days were analyzed. For the anticoagulant experiment, with heparin and ethylenediaminetetraacetic acid (EDTA), the samples were analyzed separately with storage time points of 0, 1, 3, and 7 hours. Blood samples were centrifuged at 3,000 ×g and dispensed into heparin and EDTA tubes at specific time points, taking great care not to mix the buffy coat or blood clots.
DNA was extracted from plasma and serum samples using a QIAamp Blood Kit (Qiagen, Valencia, CA, USA) according to the manufacturer's recommendations. The quantity of DNA was determined using an Applied Biosystems Quantifiler Human DNA quantification Kit (Life Technologies, Carlsbad, CA, USA) on an Applied Biosystems 7000 sequence detection system (Life Technologies). The DNA was amplified using a AmpFLSTR Identifiler PCR Amplification Kit (Applied Biosystems, Foster City, CA, USA), and amplification was performed in a GeneAmp PCR 9700 thermocycler (Applied Biosystems) following the manufacturer's guidelines. The polymerase chain reaction (PCR) products were analyzed using a 3130XL Genetic Analyzer (Life Technologies). 
Results
Quantitative results are presented as the mean±standard deviation. Differences between groups were tested using a one-way analysis of variance (ANOVA); for repeated measures, a two-tailed unpaired t test (p-value) was used. Data analysis was performed using GraphPad Prism V6.0 software (Graphpad Software, San Diego, CA, USA) and Microsoft Excel 2007. A p<0.05 was considered statistically significant.
There was no statistically significant difference among the median cell-free DNA yields from blood samples stored at room temperature for various periods (p>0.05, paired t test). However, in the case of samples stored at 4°C, we found a significant difference between the amount of cell-free DNA extracted immediately and that of cell-free DNA extracted 8, 12, 24, and 48 hours after venesection (p=0.010, p=0.004, p=0.003, p=0.001, paired t test).
Data from two-way ANOVA of the amount of DNA extracted from serum are presented in Table 1 . A comparison analysis of the DNA yields by time points, from serum samples stored at room temperature and 4°C is demonstrated in Fig. 1A and B. The differences were observed depending on the time point, revealing an overall trend of the amount of DNA increasing over Identification Using Serum and Plasma│Ji Hyun Lee, et al. 81
time with respect to the first experiment with serum. The amount of DNA in the serum appeared to be significantly higher for the sample stored at 4°C for 48-hour in the first experiment, and that stored for 3-8 days in the second serum experiment. Here, we observed that the concentration of DNA in serum samples increases during storage at 4°C. In the first experiment, the DNA yield at 48 hours was approximately twice as high as that at room temperature, and approximately 5 times higher than that for samples stored at 4°C for 24 hours; however, we found little or no difference between DNA yields from samples stored for 1 or 2 days in the second experiment. This could be due to the frequent opening and closing of the refrigerator that resulted in falsely degraded DNA, or it could be associated with the physical condition of each individual who participated in the experiment. In other words, refrigeration is an appropriate storage method for protein-containing samples, such as serum; however, refrigeration may not be suitable for storing samples for DNA extraction; repeated changes in temperature conditions may interfere with DNA-dependent test results.
With regard to the effects of time and anticoagulants (heparin, EDTA) on plasma DNA, DNA yields from the plasma samples stored in heparin tubes were higher than from those stored in EDTA tubes, denoted by a twoway ANOVA, except for the time point of 3 hours after blood collection (Table 2, Fig. 1C ). According to Lam et al. [7] , no statistically significant difference in DNA yields is associated with anticoagulants for up to 6 hours of storage. However, in the present study, a significant difference in DNA yields was noted with regard to EDTA and heparin independent of time (p=0.013), despite the expectation that the DNA yields from samples stored in heparin tubes would increase over time. Therefore, for obtaining DNA samples, the use of heparin tubes is encouraged when collecting blood.
Discussion
In this study, we observed a trend of increase in DNA yields from blood serum and plasma samples with increasing storage period until a saturation point after a certain period, after which the quality of DNA began to degrade. For some samples, a drop-out phenomenon was observed. Within 10 days of storage, it was possible to obtain 100% matching results compared with the short tandem repeat data of blood DNA when the analytical threshold was lowered from 50 relative fluorescent units (RFU) to 40 RFU. Samples can be distinguished from the base-line peak by lowering the standards to 40 RFU (Fig. 2) . Moreover, it should be possible to obtain results without changing the threshold if the number of PCR cycles is adjusted and the sample storage process is properly regulated [8] . However, it is uncertain whether the quality of DNA extracted after 10 days of storage is suitable for personal identification tests. The results of this study are expected to be helpful in interpreting the effect of various factors that may influence the personal identification outcomes. Serum and plasma are targeted in various diagnostic fields and immunological tests, such as non-invasive tests for cancer patients and pregnant women, or in plastic surgery [9, 10] . Human serum/plasma DNA is widely known to share the common characteristic of low copy number DNA, which can lead to frequent allele drop-out and drop-in occurrences. The results of this study are expected to aid in various types of diagnostic testing and herald serum/plasma as a newly discovered source for DNA, available for individual identification testing.
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